TITLE OF THE INVENTION 
ELECTRONIC DEVICE HAVING POWER SAVING FUNCTION AND 
EXTENSION UNIT 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2001-046734, filed February 22, 2001, 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an electronic device, 
such as a cellular phone, and an expansion unit, such 
as a card type of modem, that can be plugged into the 
cellular phone, and more specifically to an electronic 
device and an expansion unit which increase the 
efficiency in supply of electric power from the 
electronic device to the expansion unit and thus 
significantly reduce the power dissipation of the 
electronic device . 

2. Description of the Related Art 

In recent years, there have been significant 
advances in information processing and communications 
technologies. In addition, there have also been marked 
improvements in techniques to manufacture precision 
parts, typically semiconductor integrated circuits. 
Based on these technical advances and improvements, 



various battery-powered electronic devices, such as 
personal digital assistants (PDAs), that have radio 
communications functions built in have recently been 
developed. 

Most of such electronic devices are equipped with 
an expansion slot in order to meet the needs of users. 
That is, by allowing each user to plug one of various 
expansion units into the slot according to his or her 
requirements, the devices are enabled to have only 
basic functions built in. This allows the electronic 
devices to be reduced in size and weight. 

The expansion unit operates from electric power 
supplied from the electronic device into which it is 
plugged. On the other hand, the electronic device is 
configured to apply electric power to the expansion 
unit only when its main power supply is turned on. 

The expansion unit can operate by itself on power 
supplied from the electronic device. Even in employing 
only the function that the expansion unit provides, the 
user is required to turn on the main power supply of 
the electronic device. 

In other words, the supply of power to the 
expansion unit results in the supply of power to the 
entire electronic device and consequently in wasteful 
power discharge of the battery. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of the invention to 



provide an electronic device and an expansion unit 
which allow efficiency in the supply of power from the 
electronic device to the expansion unit to be improved 
to thereby reduce power dissipation of the electronic 
device . 

According to an aspect of the invention, there is 
provided an electronic device in which an expansion 
unit is removably connected, comprising: a command 
device configured to give a command to supply power to 
the expansion unit; and a power supply control device 
configured to start the supply of power to the 
expansion unit when a command is given by the command 
device in a state where the electronic device is turned 
off. 

According to another aspect of the invention, 
there is provided an expansion unit powered from an 
electronic device for increasing the functions of the 
electronic device comprising: a detection device 
configured to detect the presence or absence of power 
from the electronic device; and a control device 
configured to carry out a given processing when no 
operating command comes from the electronic device 
within a predetermined period after power from the 
electronic device has been detected by the detection 
device . 

According to the invention, the electronic device, 
even if its main power supply is turned off, starts the 



supply of power to the expansion unit in response to 
the expansion unit being attached to the electronic 
device. On the other hand, the expansion unit, after 
having started receiving power from the electronic 
device, starts its own operation after confirmation of 
the absence of any operating command from the 
electronic device . 

Thus, the invention allows efficiency in power 
supply from the electronic device to the expansion unit 
to be improved, thereby reducing power dissipation of 
the electronic device. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate of the invention, and together with the 
general description given above and the detailed 
description of the embodiments given below, serve to 
explain the principles of the invention. 

FIG. 1 is an exterior view of a system according 
to a first embodiment of the invention; 



FIG. 2 shows the configuration of the system of 
FIG . 1; 

FIG. 3 is a flowchart illustrating the operating 
procedure of the system of FIG. 1; 

FIG. 4 shows exemplary operating commands stored 
in information storage of the card type of electronic 
device in the system of FIG. 1; 

FIG. 5 shows the configuration of a system 
according to a second embodiment of the invention; 

FIGS. 6 and 7 show the operation of an eject 
mechanism of the host device in a system according to a 
third embodiment of the invention; 

FIGS. 8 and 9 show the operation of the mechanism 
of the host device for detecting the insertion into it 
of the card type of electronic device in a system 
according to a fourth embodiment of the invention; and 

FIGS. 10, 11 and 12 show the operation of the 
mechanism of the host device for detecting the depth of 
insertion into it of the card type of electronic device 
in a system according to a fifth embodiment of the 
invention . 

DETAILED DESCRIPTION OF THE INVENTION 

The embodiments of the invention will be described 
hereinafter . 

[ First Embodiment ] 

FIG. 1 shows, in perspective view, a system 
according to a first embodiment of the invention. As 



shown in FIG. 1, the system is composed of a host 
device 100 and a card type of electronic device 
(hereinafter referred to as an electronic card device 
or card device) 200 which can be plugged into a slot A 
of the host device. 

The host device 100, which is a so-called cellular 
phone, has basic functions built in for enabling 
communication over public wireless networks. In 
addition, the host device has an expansion slot into 
which the electronic card device 200 is inserted when 
necessary to increase its functions. 

The electronic card device 200, which is an 
expansion unit having a radio communication function 
and a memory function, is inserted into the slot of the 
host device 100 and operates upon receiving electric 
power from the host device. 

FIG. 2 shows the configuration of the system 
according to the first embodiment. The host device 100 
includes a central processing unit (CPU) 11, a 
connector 12, an electric power supply control unit 13, 
and an input unit 14. The card device 200 includes a 
central processing unit 21, a connector 22, a radio 
communication unit 23, and an information storage 
unit 24. 

The central processing unit 11 provides overall 
control of the host device 100 and communicates with 
the card device 200 via the connector 12. The 
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connector 12 mates with the connector 22 of the card 
device. Among a number of signal lines completed by 
the connectors 12 and 22 are electric power supply 
lines and data lines. 
5 The power supply control unit 13 provides power to 

the entire host device 100 and to the card device 200 
via the connector 12. The input unit 14 performs 

- 

zz various operations on the host device 100. Specif i- 

%=j 

cally, the input unit consists of switches, buttons, a 

CO 



W 10 keypad, or a touch panel. 

*0 The central processing unit 21 in the card device 

Q 200 controls the radio communication unit 23 and the 

s 

yj information storage unit 24 and communicates with the 

q host device 100 via the connector 22. The connector 22 
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15 mates with the connector 12. The radio communication 



unit 23 communicates with radio communication devices. 

The information storage unit 24 sends or receives data 

to or from the central processing unit 24. 

Next, reference is made to a flowchart of FIG. 3 
20 to describe the operating procedure of the system of 

the first embodiment. 

In the initial state of the host device 100, its 

main power supply is off and the supply of power to the 

card device 200 is off. It is not until the input unit 
25 14 is operated that electric power is supplied to the 

card device. 

When the input unit 14 is operated to select the 



supply of power to the card device 200 (step Al) , the 
electric power supply control unit 13 supplies electric 
power to the connector 22 of the card device 200 via 
the connector 12 (step A2) . Thus, the system has 
entered the mode in which power is supplied to the card 
device with the main power supply turned off. 

Upon receiving power over the electric power 
supply lines in the connector 22, the central 
processing unit 21 in the card device 200 starts 
working and then waits for an operating command sent 
from the host device 100 over the data lines in the 
connector 22 (step Bl) . The card device determines the 
subsequent operation depending on whether or not it 
receives an operating command from the host device 
within a fixed period (step B2) . 

If an operating command is received from the host 
device within the fixed period (YES in step B2), the 
central processing unit 21 of the card device 200 
carries out a process specified by that command (step 
B3) ; otherwise (NO in step B2), the central processing 
unit 21 enables the radio communication unit 23 to 
communicate by radio with another radio communication 
device (step B4) . The radio communication unit 23 
communicates by radio with the other radio communica- 
tion device for transmission and reception of data 
(step B5) . The central processing unit 21 transmits 
data from the information storage unit 24 via the radio 



communication unit 23 or writes data received by the 
radio communication unit to the storage unit. After 
radio communication with the other radio communication 
device is terminated, the supply of power to the card 
device is stopped by operating the input unit (step A4) 
and the system returns to the initial state. 

Thus, the system allows the radio communication 
function of the card device to be employed without 
turning on the main power supply of the host device, 
thereby allowing power dissipation of the host device 
to be reduced significantly. 

In the basic operation of the system described 
here, the card device 200 is configured to activate the 
radio communication unit 23 only for the purpose of 
enabling radio communication. However, the contents of 
communication (what kind of data to transmit or 
receive) are defined by other radio communication 
devices and not by the card device. Next, a 
description is given of such a configuration as to 
prestore in the information storage unit 24 a group of 
operating commands that defines the contents of 
communication and, at the time of radio communication, 
communicate according to the operating commands. 

The operating commands are stored in the 
information storage unit 24 in a predetermined format. 
In the first embodiment, it is supposed that the radio 
communication unit 23 conforms to the Bluetooth 
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standard. The exemplary operating commands stored in 
the information storage unit 24 are illustrated in 
FIG. 4. 

As shown in FIG. 4, the operating commands 
comprise commands that conform to Host Controller 
Interface specifications in the Bluetooth standard, 
extension commands that permit access to data stored in 
the information storage unit 24 , and structured 
languages that cause conditional branches according to 
events and parameters obtained as the results of 
executing those commands. The operating commands are 
stored in the information storage unit 24 under the 
file name of "script.txt". 

Returning to the flowchart of FIG. 3, the radio 
communication unit 23 is activated in step B4 . After 
that, the central processing unit 21 interrogates the 
information storage unit 24 about the presence or 
absence of the file "script.txt". In the presence of 
the file, the information processing unit executes the 
operating commands in sequence. In the example of 
FIG. 4, the central processing unit executes the 
Inquiry command using general-purpose inquiry access 
codes (GIAC) to acquire various pieces of information, 
such as Bluetooth device addresses of radio 
communication devices with which the present device can 
communicate by radio, and clock offset (row number: 1) . 

After that, the device waits for an Inquiry Result 



event from a radio communication device having a 
Bluetooth device address of "0x12345678 9abc" (row 
number: 2) and then establishes a connection with that 
radio communication device (row number: 3) . Next, all 
files existing under directory "data" stored in the 
information storage unit 24 are sent to the said radio 
communication device with which a connection has been 
established (row number: 4). On the completion of file 
transmission, the connection with the said radio 
communication device is cut (row number: 5) . 

Thus, storing operating commands in the 
information storage unit 24 in advance enables the 
electronic card device 200 to determine the contents of 
radio communication for itself (as opposed to being 
directed by other radio communication devices) . 

[ Second Embodiment ] 

Next, a second embodiment of the invention will be 
described . 

If, as in the first embodiment, operating commands 
that determine the contents of communication have been 
stored in the information storage unit 24 in the card 
device 200, it becomes possible for the card device to 
detect the termination of radio communication. The 
second embodiment is therefore directed to a system in 
which, at the termination of radio communication, a 
command is sent from the card device to the host device 
to stop the supply of power, that is, the supply of 
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power to the card device is automatically stopped 
without the need to operate the input unit of the host 
device . 

When, in the mode in which power is supplied to 
the card device 200 with the main power supply of the 
host device 100 turned off, the central processing unit 
21 of the card device can detect the termination of 
radio communication, it sends a power supply stop 
command through the connectors 22 and 12 to the power 
supply control unit 13 in the host device 100, for 
example, when operating commands defined as in the 
first embodiment are terminated. Specifically, as 
shown in FIG. 5, one of the data lines in the 
connectors 12 and 22 is used for transferring the power 
supply stop command and, when the potential on that 
data line goes high (for example, from ground level to 
+3.3V), the power supply control unit 13 stops the 
supply of power to the card device 200. 

Thus, the supply of power from the host device 100 
to the card device 200 can be stopped automatically at 
the termination of radio communication by the card 
device, allowing wasteful power dissipation of the host 
device to be further reduced. 

[Third Embodiment] 

A third embodiment of the invention will be 
described next. 

When the supply of power is automatically stopped 
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through a command from the card device at the 
termination of radio communication as in the second 
embodiment, it is important that the user be notified. 
As a means therefor, it is desirable to separate 
physically the card device 200 from the host device 
100, i.e., eject the card device. This allows the user 
to know visually and easily that the supply of power 
has been stopped. The third embodiment is therefore 
directed to a system such that the host device has a 
mechanism to break the physical connection of its 
connector 12 with the connector 22 of the card device 
and to push the card device out of its slot. 

The power supply control unit 13 of the host 
device 100 issues a command to eject the card device 
200 to the eject mechanism of the connector 12 at the 
termination of the mode in which power is supplied to 
the card device with the main power supply of the host 
device being off, as when the mode is changed by the 
input unit 14 of the host device or when the host 
device is commanded by the card device to stop the 
supply of power thereto. FIGS. 6 and 7 show the eject 
mechanism of the host device 100. Specifically, FIG. 6 
shows the state in which the card device is plugged in 
and FIG. 7 shows the state in which the card device is 
ejected. 

Upon receiving an eject command, the connector 12 
electrically separates the card device 200. The host 
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device 100 has an actuator, such as a linear motor, 
that ejects the card device and responds to an eject 
command from the power supply control unit 13 to eject 
the card device. 

Thereby, the card device can be ejected 
essentially at the same time the supply of power to the 
card device is stopped. 

[ Fourth Embodiment ] 

In the first, second and third embodiments, the 
mode in which power is supplied to the card device with 
the main power supply of the host device being off is 
selected only by operating the input unit 14. If this 
mode selection is made at the same time the card device 
is plugged into the slot in the state in which the main 
power supply of the host device is turned off, the 
operability will improve significantly. The fourth 
embodiment is thus directed to a system in which the 
mode in which power is supplied to the card device with 
the main power supply of the host device being off is 
selected in response to the card device being plugged 
into the slot. 

The operation of plugging the card device 200 into 
the slot with the main power supply of the host device 
100 being turned off is regarded as an operation from 
the input unit 14 to allow the selection of the mode in 
which power is supplied to the card device with the 
main power supply being turned off. For example, this 
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corresponds to such a case as where the input unit 14 
is a contact switch in the connector 12 as shown in 
FIG. 7. 

That is, when the card device 200 is plugged into 
the slot with the main supply of the host device 100 
being off, i.e., when a transition is made from the 
initial state shown in FIG. 8 to the card-plugged-in 
state shown in FIG. 9, the power supply control unit 13 
of the host device starts the supply of power to the 
card device. 

Thus, plugging of the card device into the slot 
allows the mode in which power is supplied to the card 
device with the main power supply being turned off to 
be selected without the need for operating the input 
unit 14 . 

[Fifth Embodiment] 

Next, a fifth embodiment of the invention will be 
described. 

The fourth embodiment has been described in terms 
of the system in which the mode in which power is 
supplied to the card device with the main power supply 
of the host device being off is selected. The fifth 
embodiment is directed to a system in which the mode 
selection is made on the basis of the depth of 
insertion of the card. 

When the card device 200 is plugged into the slot 
with the main power supply of the host device 100 being 
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off, the depth of insertion of the card is regarded as 
an operation from the input unit 14, thus allowing the 
selection of the mode in which power is supplied to the 
card device with the main power supply being turned 
off. For example, this system is implemented by 
providing, as shown in FIGS. 10, 11 and 12, a number 
of contact switches in the connector 12 as the input 
unit 14. 

In the system, the depth of insertion of the card 
is detected in steps. In addition to the initial state 
(FIG. 10), in the first step the mode is selected in 
which power is supplied to the card device with the 
main power supply being turned off (FIG. 11) and, in 
the second step, the normal mode is selected in which 
the card device 200 is operated by an operating command 
from the host device 100 (FIG. 12) . 

Thus, the mode in which power is supplied to the 
card device with the main power supply of the host 
device being turned off can be selected based on the 
depth of insertion of the card device without the need 
for operating the input unit 14. 

[Sixth Embodiment] 

Next, a sixth embodiment of the invention will be 
described. 

In the first embodiment, if, when an operating 
command from the host device 100 is awaited in step Bl 
in FIG. 3, there is no command within a fixed period in 
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step B2, then the radio communication function of the 
card device 200 is activated in step B4 . However, if 
the data lines in the connectors 12 and 22 include one 
that indicates whether the main power supply of the 
host device is turned on or off, the wait operation 
will become unnecessary. The sixth embodiment is thus 
directed to a system in which turning on the main power 
supply of the host device allows immediate activation 
of the radio communication function. 

In the flowchart of FIG. 3, whether the main power 
supply of the host device 100 is turned on or off is 
determined through the presence or absence of an 
operating command from the host device. In the sixth 
embodiment, the wait operation for a fixed period 
in steps Bl and B2 is made unnecessary by providing 
the connectors 12 and 22 with one data line that 
indicates the state of the main power supply of the 
host device. 

Thereby, the time to respond to the user can be 
reduced and wasteful power dissipation of the host 
device can be further reduced. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
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sprit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



